Rat liver epithelial cells (RLECs) isolated by trypsinization of the h'vers of normal 10 day old rats are largely used in co-culture with primary hepatocytes. The aim of the present study was to investigate the expression of biotransformation enzyme-encoding genes in three preparations of RLEC lines. Although no expression of cytochrome P4S0 1A1/2 (CYP1A1/2), CYP2B1/2, CYP2C6 or CYP3A mRNAs could be detected, we found that all of the different preparations of RLECs expressed a high level of CYP2E1 mRNA. We demonstrated the presence of the CYP2E1 apoprotein in microsomes of RLECs by immunoblot analyses, together with chlorzoxazone 6-hydroxylation, an activity known to be mainly catalyzed by CYP2E1. In addition, acetone treatment of these cells resulted in an increase in both CYP2E1 apoprotein and chlorzoxazone 6-hydroxylation activity levels. Finally, we showed the susceptibility of RLECs to JV-methyl formamide-and diethylnitrosamineinduced toxicity, suggesting metabolic activation by CYP2E1. Thus, RLECs may cooperate with hepatocytes to CYP2E1-mediated metabolism in the co-culture model. In addition, transfection experiments with a CYP2E1 promoter construct, in which the proximal 539 bp containing the binding site for HNFla were inserted upstream of the chloramphenicol acetyl transferase gene, demonstrated a strong induction upon co-transfection with an HNFla expression plasmid. Thus, RLECs provide a useful tool for studying metabolism and cytotoxicity of CYP2E1 substrates in the absence of other expressed CYPs, and for analyzing CYP2E1 promoter function.
Introduction
Hepatocytes express an array of essential functions such as production of plasma proteins and metabolism of endogenous and exogenous compounds. Disturbances of their pericellular environment, occurring during isolation and plating in vitro, result in early decrease or loss of most of their liver-specific functions. Such phenotypic changes can be delayed and/or reduced by culturing hepatocytes either on matrigel, a mixture of basement membrane proteins (1, 2) or in association with undifferentiated rat liver epithelial cells (RLECs*) (3) . RLEC
•Abbreviations: RLEC, rat liver epithelial cell; CYP, cytochrome P45O, NMF, yV-methylformamide; DEN, diethylnitrosamine; SD, Sprague-Dawley; F, Fisher; WEM, Williams' E medium; FCS, fetal calf serum; RPE, relative plating efficiency; TBS, Tris-buffered saline; EROD, ethoxyresorufin Odeethylase; CAT, chloramphenicol acetyl transferase; (Jgal, fj-galactosidase.
lines have been isolated by many investigators (for review, see ref. 4) . They bear no morphological resemblance to authentic hepatocytes or bile duct cells (5, 6) . In addition, these cells express low amounts of y-glutamyltranspeptidase, and may contain low amounts of glucocorticoid-inducible tyrosine aminotransferase (5) . These RLEC lines, which can be propagated in long-term culture, have been the object of many studies with regard to their origin in vivo and their involvement in chemical-induced hepatocarcinogenesis (4, 7, 8) . However, the diversity of RLEC lines, which may result from differences in the differentiation status of the cell of origin in vivo or in cell purity following isolation, makes it difficult to define a unique phenotype and requires extensive analysis of individually cloned populations.
The participation of RLECs in liver-specific functions in vitro has usually been considered negligible. However, xenobiotic biotransformation activities, such as sulfotransferase (9) and glutathione S-transferase (10), have been reported in RLEC lines. In addition, benzo[a]pyrene metabolism has been detected in an epithelial cell line isolated from the liver of an adult female Wistar rat (12) . These observations led us to reconsider the potential participation of RLECs in the metabolism of xenobiotics in vitro. Our results demonstrate that, among the cytochromes P450 (CYP) surveyed, only CYP2E1 mRNA, protein and enzyme activity were expressed in these cells. Moreover, in vitro cytotoxicity was induced following N-methylformamide (NMF) and diethylnitrosamine (DEN) activation by CYP2E1. Consequently, RLECs are likely to participate, in concert with hepatocytes, in CYP2E1-mediated xenobiotic metabolism in vitro.
Materials and methods

Cell isolation and culture
RLECs have been obtained by trypsinization of the livers of normal 10 day old Sprague-Dawley (SD) or Fisher (F) rats, as described elsewhere (5) . The RLECs (three preparations named SDII, SDVI and F388) and H5 rat hepatoma cells (13) were cultured in Williams' E medium (WEM) supplemented with 10% fetal calf serum (FCS). Hepatocytes were isolated from SD male rats using the two-step collagenase perfusion method and cultured in a medium consisting of 75% minimum essential medium and 25% 199 medium, as previously described (11), except that the cells were seeded at a density of 18X10 6 cells/175 cm 2 flasks. FAO cells were cultured in a mixture of Ham's F-12 and NCTC 135 (50%/50%, v/v) with 10% FCS as reported previously (13) . Acetone was added for 72 h at a final concentration of 30 mM, 4 h after cell seeding for hepatocyte cultures and 2 days before confluency for RLEC cultures. Acetone treatment had no apparent effect on cell growth. Cytotoxicity of both NMF and DEN was initially assayed by determination of lactate dehydrogenase release, followed by determination of the relative plating efficiency (RPE) (see legend to Table I ).
Isolation of total RNA and blot analyses
Cell monolayers were scraped in 0.1 M PBS. Total RNA was prepared as described previously (14) . RNA blot analyses and hybridization reactions were performed as described by Abdel-Razzak et al. (15) , except that Hybond-N nylon filters were used for transfer. cDNA probes were 32 P-labeled by random priming using cDNAs to rat hepatic mRNAs and included: CYP 2E1 (full-length rat and human cDNA probes) (16) , CYP 2C6 (pTF2, partial cDNA) (17) , tyrosine aminotransferase (pcTAT3, partial cDNA) (18) , epoxide hydrolase (full-length cDNA) (19) . An 18S genomic DNA probe was used as RNA loading control. Filters were autoradiographed at -80°C. 
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Immunoblot detection of CYP2E1
Microsomal fractions were obtained as described elsewhere (20) , except that cell pellets were sonicated for 10 s and homogenized for 45 s with an Ultraturrax (Janke and Kunkel, IKA-labortechnik). Microsomal proteins were separated by SDS-PAGE (9% acrylamide) according to Laemmli (21) . Proteins were transferred onto nitrocellulose filters as described (22) . Subsequently, the filters were blocked with Tris-buffered saline (TBS) containing 3% creamed milk for 2 h at 20°C. The filters were then incubated overnight, at 4°C, with an antiserum containing anti-peptide antibodies directed against a 35 kDa peptide derived from the human CYP2E1 protein (amino acids 145-463) (23) , and known to recognize the rat protein (unpublished observations). After five washes at 20°C with TBS/0.3% Tween 20, the filters were incubated with alkaline phosphatase-conjugated antiantibody for 2 h. The blots were then washed and alkaline phosphatase conjugates were detected as described by Blake et al. (24) .
Monooxygenase activities
Ethoxyresorufin O-deethylase (EROD) activity was assayed on microsomal preparations from both cultured cells and liver tissue according to the method of Burke et al. (25) . Chlorzoxazone 6-hydroxylation activity assays were performed on microsoma] preparations as described previously (26), except that 1 mM NADPH was used instead of an NADPH-generating system and that incubation time was 25 min.
Mutagenesis experiments
Cells in growth phase at a density ranging between 0.4X10 5 and O.8XIO 5 / cm 2 were exposed to DEN for 24 or 72 h at a final concentration of 40 mM. Cells were then trypsinized and reseeded for determination of the RPE or for mutation expression time. Finally, they were used for a new determination of the RPE and submitted to ouabain selection by plating 0.02X10 5 cells/cm 2 . Ouabain was added 4 days later at the final concentration of 2, 3 or 5 mM and the medium was changed every 2 days. After 10 days, colonies were fixed, stained and counted.
Transfection experiments pRSV-HNFloc (HNFloc cDNA transcribed from the Rous sarcoma virus promoter), pSBI-CAT (promoterless plasmid), pSVE-CAT [SV40 early promoter driving chloramphenicol acetyl transferase (CAT) expression] and the pRSV-P-galactosidase (Pgal) plasmid were generous gifts from M.Yaniv. The CYP2E1 promoter vector contained a 539 bp fragment from the rat gene promoter driving CAT (27) .
SDVI cells were transfected with plasmid DNA by electroporation using a Gene Pulser apparatus (Eurogentec, Seraing, Belgium). Four hundred microlitersofcell suspension containing 25X10 6 cells, in WEM with 10% FCS, were mixed with 30 jig plasmid DNA. The mixture was subjected to a single pulse of 1800 (iF at 230 V. After electroporation, the cells were transferred to 25 cm 2 flasks containing WEM supplemented with 10% FCS, and then incubated for 48 h at 37*C. Cells were harvested and extracts prepared for CAT and Pgal activity assays (28) .
Results
Survey of hepatic gene expression in several independent preparations of RLECs
In order to determine whether RLECs expressed significant levels of hepatocyte-specific mRNAs, we performed RNA blot analyses with total RNA from Sprague-Dawley (SDH and SDVI) or Fisher (F388) rat-derived RLECs at confluence. It was anticipated that these cells should be essentially negative . Ten micrograms of total RNA were applied to gels. RNA blots were hybridized with CYP2E1, CYP2C6, epoxide hydrolase, tyrosine aminotransferase and 18S cDNA or genomic DNA probes.
for expression of hepatocyte markers. As a first approach, we analyzed expression of CYP1A1/2, CYP2B1/2, CYP2C6, CYP2E1 and CYP3A. In addition, we determined the mRNA accumulation levels of epoxide hydrolase and tyrosine aminotransferase. These mRNA levels were compared to those found in dedifferentiated cells of the rat hepatoma H5 line, differentiated cells of the FAO line, as well as primary rat hepatocyte cultures and rat liver.
As expected, no expression of CYP1A1/2, CYP2B1/2, CYP3A (data not shown) or CYP2C6 (Figure 1 ) mRNAs could be detected in the RLEC lines. In addition, these cells proved to be negative for tyrosine aminotransferase mRNA. However, epoxide hydrolase and CYP2E1 mRNAs were found to be expressed in the three preparations of RLECs. SDII and 2 . Stability of expression of CYP2E1 mRNA in SDVT cells. Total RNA was extracted from SDV1 cells studied between passages 11 (3) and 22 (14) . Ten micrograms of RNA were applied to gels. 1 and 2 refer to rat liver and 3 day old rat hepatocyte cultures, respectively. F388 cells expressed the same level of CYP2E1 mRNA as hepatocytes cultured for 3 days, whereas SDVI cells expressed a 7-fold higher level of this mRNA. In addition, specific amplification of exonic sequences followed by HaeUl diagnostic restriction enzyme digestion demonstrated that the signal observed on RNA filters was indeed that expected from the known structural features of the rat CYP2E1 mRNA (data not shown). SDVI cells were then used for subsequent experiments.
The observation of a strong expression level of CYP2E1 mRNA species prompted us to ask whether long-term stability could be demonstrated. To this end, we determined, by RNA blot analysis, CYP2E1 expression over 12 passages of SDVI cells analyzed between passages 11 and 22 ( Figure 2) . Overall, no differences in CYP2E1 mRNA expression levels were found, supporting the idea of a strong phenotypic stability with respect to expression of this CYP gene.
Detection of CYP2E1 apoprotein by Western blot analyses
We then investigated presence of the CYP2E1 protein in microsomes from SDVI cells, in comparison with rat hepatocytes from 3 day old cultures, as well as rat liver. To this end, a specific anti-peptide antibody directed against a peptide sequence derived from human CYP2E1, and known to recognize the rat protein very efficiently, was used.
As shown in Figure 3 (A), a strong signal was observed in rat liver microsomes. After 3 days of culture, the level of CYP2E1 protein was markedly reduced. Acetone, a known inducer of the CYP2E1 protein, induced an increase, after 72 h of treatment with 30 mM, of the apoprotein level in rat hepatocytes (~ 10-fold). Similarly, a signal was observed in SDVI cell microsomes, which was increased by acetone (2-fold). By contrast with RNA blot analyses, the CYP2E1 apoprotein signal was slightly higher in hepatocytes than in SDVI cells.
Functional activity of CYP2E1 in SDVI cells
Finally, we looked to see if CYP2E1-associated enzyme activity could be evidenced in SDVI cells. Chlorzoxazone 6-hydroxylation activity has been shown to be supported mainly by CYP2E1, although high levels of CYP1A1 could result in significant activity (26) . However, since no CYP1A1 mRNA or EROD activity could ever be detected in both control and acetone-treated SDVI cells, it was expected that any chlorzoxazone 6-hydroxylation activity should only be due to presence of the CYP2E1 enzyme.
As seen in Figure 3 (B), rat liver microsomes showed a strong activity toward chlorzoxazone. This activity was mark- edly reduced in 3 day old hepatocyte cultures. Acetone treatment resulted in both hepatocyte and SDVI cell cultures in a slight increase of chlorzoxazone 6-hydroxylation (1.5-and 1.4-fold respectively). In addition, since each determination of this activity required at least 800 (ig of microsomal proteins, we decided to perform three independent experiments for SDVI cells, rather than multiplicate determinations from a single experiment
As an ultimate proof of the functional activity of CYP2E1 in SDVI cells, we analyzed their susceptibility to NMF-and DEN-induced toxicity. Indeed, NMF and DEN have been shown to exhibit hepatotoxic activity following metabolic activation into cytotoxic derivatives by CYP2E1 (29, 30) . Moreover, numerous studies have reported the genotoxicity of DEN (30, 31) . Increased lactate dehydrogenase release was observed in SDVI cell culture medium following exposure to 500 mM NMF or 40 mM DEN for 24 h. In addition, no effect was observed in NMF-treated H5 cells lacking CYP2E1 expression (data not shown). Plating efficiency experiments showed a significant decrease in cloning ability of NMF (250 mM)-treated SDVI cells, as compared to the resistant H5 cells (Table I) . Similar results were obtained for DEN (40 mM> treated SDVI cells. These results strongly suggest that SDVI cells express a functional CYP2E1 enzyme, and are able to activate hepatotoxic compounds into cytotoxic products. Finally, to test if SDVI cells could be used for the detection of potential genotoxic compounds, involving CYP2E1 activation, we performed a 3 day DEN treatment of SDVI cells followed by the selection of mutant colonies in the presence of 3 mM ouabain. This selection of putative ouabain resistant colonies was made after 2, 3 or 5 days of mutation expression time. Although DEN-induced cytotoxicity was observed after treatment (and during the first three days of expression time), very few resistant colonies were observed after selection in ouabain-containing medium, suggesting only a small mutagenic effect of DEN in SDVI cells (data not shown).
Regulation of CYP2E1 promoter activity in SDVI cells
Previous studies have shown that the CYP2E1 gene was controlled by a protein displaying DNA binding properties similar to those of HNFla (32) . We wondered whether HNFla could take part in the regulation of the CYP2E1 gene in SDVI cells. We performed transfection experiments with a CYP2E1 promoter construct in which the proximal 539 bp, containing the binding site for HNFla, were inserted upstream of the bacterial CAT gene (27) . Figure 4 shows that basal CYP2E1 promoter activity was similar or lower than that of promoterless plasmid activity in SDVI cells, but co-transfection of the C YP2E1 promoter construct and an HNF 1 a expression plasmid led to an increase of CAT activity, reaching up to 11.6-fold. These results suggest that overexpression of HNFla can transactivate the CYP2E1 promoter in SDVI cells.
Discussion
The RLEC lines characterized in this study have been commonly used in co-culture with primary hepatocytes (3). In such a system, expression of a large set of hepatic functions has been shown to be stably maintained over several weeks within hepatocytes. Recent data have suggested that the terminal ductule cells connecting the canals of Hering with bile 1104 canaliculi and/or a distinct population of periductal cells constitute a hepatic stem cell compartment (7, 8, 33, 34) . The possibility that RLECs are derived from this compartment has been suggested. Moreover, Marceau (35) has studied the cell typing of liver ECs isolated by various tissue dispersion procedures and concluded that some liver ECs represent an early sublineage of progenitors committed along the intrahepatic biliary EC lineage. However, it should be noticed that some EC lines have been shown to express a few of the hepatocytic metabolic activities and to differentiate into hepatocytes after intrahepatic transplantation (36, 37) .
RLECs can be propagated in long-term culture and their phenotypic stability and homogeneity have permitted to study several of their characteristics, such as morphology and liverspecific function expression. Similarly to our observations, CYP-dependent monooxygenase activities (EROD and 7-ethoxycoumarin (9-deethylase) were undetectable in RLECs and were not inducible by benz[a]anthracene (9), whereas cytochrome b5 and NADPH cytochrome P450 reductase were detected (38) . Furthermore, epoxide hydrolase (this work), glucuronosyltransferase, sulfotransferase (9) and glutathione S-transferase activities (10) were found in these cells. In addition, our results showed that RLECs stably express CYP2E1 mRNA, protein and enzyme activity. Of the three RLEC preparations, only SDVI cells express a high level of CYP2E1 mRNA. Differences in carcinogen susceptibility between RLEC lines have already been reported by Tong et al. (39) . Therefore, our results could conceivably be explained by intrinsic differences between lines in the biotransformation capacities of the various RLEC preparations. In addition, strain-specific differences in CYP2E1 expression could explain the low CYP2E1 mRNA level observed in F388 cells. To our knowledge, this paper is the first reporting the induction by acetone of CYP2E1 in vitro in rat hepatocytes and liver epithelial cells. By contrast with immunoblot analyses, acetone treatment of hepatocytes cultures led to only a slight increase in chlorzoxazone 6-hydroxylation activity. In line with these results, it has been shown that treatment of human hepatocyte cultures with ethanol resulted in a 7.7-fold increase in CYP2E1 apoprotein but only in a 2.7-fold increase in chlorzoxazone 6-hydroxylation activity (26) .
The fact that RLECs stably express basal and acetoneinducible CYP2E1 make these cells likely to represent a good model system for CYP2E1-related metabolism studies. Moreover, we have shown that RLECs were able to activate NMF and DEN, some known CYP2E1 substrates, into cytotoxic metabolites. Furthermore, we tried to look for possible mutagenic effects of CYP2E1-activated DEN. However, although appearance of micronuclei in RLECs has been reported (12) , we failed to demonstrate a significant genotoxic activity of DEN in SDVI cells, although we were able to score a few ouabain-resistant colonies. This observation could be due to the particular type of pro-mutagen used or to low stability within the RLECs of the mutagenic metabolites of DEN. Alternatively, this result may suggest a marked capacity for the repair of DEN-induced lesions in RLECs. Other mutagen compounds could be tested in RLECs. Nevertheless, although our results suggest that RLECs could be used in CYP2E1-mediated cytotoxicity studies, this assay system cannot be readily applied to routine screening of suspected environmental mutagens.
Obviously, several other in vitro systems have been developed that would also fulfil some of the proposed tasks using RLECs. Our results suggest that co-cultures between RLECs and primary hepatocytes may be a useful model for CYP2E1-related pharmaco-toxicological studies, in view of the high CYP2E1 expression in both cell types in co-cultures (data not illustrated). Furthermore, the expression of cloned cDNAs coding for each CYP isoform in heterologous systems (for review, see ref. 40 ) permits high production of the enzymes as well as metabolism studies. However, several of these systems have the disadvantages of being transient, having only relatively low activities of NADPH cytochrome P450 reductase. Moreover, some of them require modifications of the amino-terminal region of the enzyme or need a long time for isolating an expressing clone (40) .
RLECs may be a useful model for CYP2E1 promoter analyses since co-introduction of an HNFla expression plasmid and a CYP2E1 promoter in SDVI cells leads to a strong increase in reporter gene activity. It remains to be determined whether endogenous HNFla is responsible for directing expression of the CYP2E1 gene in these cells, since our preliminary experiments failed to show substantial HNFla DNA binding activity in gel-retardation assays (data not shown). Recently, Liu et al. (41) have shown that HNFla plays a key role in the activation of the CYP2E1 gene in hepatoma cells. The possible influence of xenobiotics on the various allelic forms of the CYP2E1 promoter, one of which appears to alter HNFla binding, could be investigated following stable integration in RLECs. In addition, the members of such transcriptional regulators are known to be implicated in the control of cell differentiation and proliferation and in the liver-specific expression of many genes. The studies, in RLECs, of expression of the fra/ts-acting factors could explain the absence of the other detoxication functions surveyed, particularly the other CYPs like CYP2C, which is known to require HNF3 and HNF4 for liver-specific expression (42, 43) . In addition, the fact that less CYP2E1 apoprotein and enzyme activity could be detected in RLECs as compared to hepatocyte cultures, despite the higher mRNA levels, might suggest differences in regulation pathways controlling both transcriptional and post-transcriptional steps in the two cell types.
Finally, a promising area of investigation is the in vivo analysis of CYP2E1 expression and activity in RLECs. In that respect, it should be first determined whether the enzyme can indeed activate pro-carcinogens into their ultimate harmful metabolites. In this case, one could expect the appearance of liver tumors to originate in this subcellular population following CYP2E1-mediated carcinogen activation.
